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PeOBJECTIVES This study sought to compare ﬁndings from institutional echocardiographic reports with imaging core
laboratory (ICL) review of corresponding echocardiographic images and operative reports in 159 patients with anomalous
aortic origin of a coronary artery (AAOCA). The study also sought to develop a “best practice” protocol for imaging and
interpreting images in establishing the diagnosis of AAOCA.
BACKGROUND AAOCA is associated with sudden death in the young. Underlying anatomic risk factors that can cause
ischemia-related events include coronary arterial ostial stenosis, intramural course of the proximal coronary within the
aortic wall, interarterial course, and potential compression between the great arteries. Consistent protocols for diag-
nosing and evaluating these features are lacking, potentially precluding the ability to risk stratify patients based on
evidence and plan surgical strategy.
METHODS For a prescribed set of anatomic AAOCA features, percentages of missing data in institutional echocardio-
graphic reports were calculated. For each feature, agreement among institutional echocardiographic reports, ICL review
of images, and surgical reports was evaluated using the weighted kappa statistic. An echocardiographic imaging protocol
was developed heuristically to reduce differences between institutional reports and ICL review.
RESULTS A total of 13%, 33%, and 62% of echocardiograms were missing images enabling diagnosis of intra-arterial
course, proximal intramural course, and high ostial takeoff, respectively. There was poor agreement between institutional
reports and ICL review for diagnosis of origin of coronary artery, interarterial course, intramural course, and acute angle
takeoff (kappa ¼ 0.74, 0.11, –0.03, 0.13, respectively). Surgical ﬁndings were also signiﬁcantly different from those of
reports, and to a lesser extent ICL reviews. The resulting protocol contains technical recommendations for imaging each of
these features.
CONCLUSIONS Poor agreement between institutional reports and ICL review for AAOCA suggests need for an imaging
protocol to permit evidence-based risk stratiﬁcation and surgical planning. Even then, delineation of echocardiographic
details in AAOCA will remain imperfect. (J Am Coll Cardiol Img 2015;8:1239–49) © 2015 by the American College of
Cardiology Foundation.m the *Children’s Hospital of San Antonio, Baylor College of Medicine, Houston, Texas; yKravis Children’s Hospital at Mount
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1240A nomalous aortic origin of a coronaryartery (AAOCA) is associated withsudden death in the young, espe-
cially in athletes <30 years of age (1–6). The
anatomic features that are proposed as
potential risk factors for ischemia-related
events include coronary arterial ostial steno-
sis, acute angle of takeoff from the aorta,
intramural course of the proximal coronary
within the aortic wall, and interarterial
course resulting in potential compression be-
tween the great arteries (7,8). An abnormal
coronary artery origin with an anterior, pos-
terior, or intraconal (intraseptal) course isgenerally considered benign (8,9).SEE PAGE 1250Transthoracic echocardiography (TTE) is the ﬁrst-
line imaging modality for initial diagnosis (8,10,11).
Apart from its use in the diagnosis of the abnormal
coronary origin, TTE can also be useful in identifying
anatomic features that inﬂuence management de-
cisions, including referral for surgery (e.g., intramural
course, interarterial course). The Congenital Heart
Surgeons’ Society (CHSS) initiated a multicenter reg-
istry, collecting data from 24 participating in-
stitutions beginning in 2009. An echocardiographic
imaging core laboratory (ICL) reviewed the submitted
images and reports. This study reports the analysis of
the echocardiographic and surgical data. Our objec-
tives were to: 1) study the variability in the currently
used echocardiographic imaging protocols and re-
ports among the participating CHSS institutions; 2)
correlate echocardiographic and surgical ﬁndings;
and 3) design a standardized imaging and reporting
protocol for the echocardiographic evaluation of pa-
tients with AAOCA that could be implemented across
institutions.
METHODS
In 2009 the CHSS started a registry of patients diag-
nosed with AAOCA at age 30 years or younger and
evaluated at any of the 24 participating CHSS member
institutions. TTE images and reports were available
for 159 of the ﬁrst 243 patients enrolled. Institutional
review boards or ethics committees at eachHeart Foundation, Chicago; Cardiac Center at The Children’s Hosp
enter, Children’s Hospitals and Clinics of Minnesota; and the Car
ildren, Toronto. All authors have reported that they have no rel
rs. Lorber and Srivastava have contributed equally to this work
received December 15, 2014; revised manuscript received April 1participating center reviewed and approved the pro-
tocol. Informed consent was obtained before enroll-
ment into the registry. As of October 2014, the registry
included 348 patients from 35 institutions. The reg-
istry dataset includes copies of video (VHS) and digital
echocardiograms and institutional echocardiographic
and surgical reports. The echocardiographic studies
were uploaded to a central ICL review station (Syngo
Dynamics, Siemens, Germany) and 3 readers (R.L.,
J.H., and S.S.) reviewed the submitted TTEs. The
readers assessed all submitted TTEs and recorded
ﬁndings on an atomization sheet (Online Appendix 1).
EVALUATION OF SUBMITTED ECHOCARDIOGRAPHIC
IMAGES. For the echocardiographic review, the ICL
focused on identifying the anatomic features that
impact management and surgical planning of patients
with AAOCA. These include: 1) location of the ostium
in relation to the sinutubular junction (STJ); 2) iden-
tiﬁcation of an interarterial and/or intramural course;
3) identiﬁcation of intraconal (intraseptal) course of
the proximal coronary; and 4) morphologic charac-
terization of the ostium of the anomalous coronary;
separate ostium versus single ostium, shape, size,
and/or stenosis of the anomalous origin.
The ICL reviews focused primarily on numbers 1, 2,
and 3 because most morphologic features of the
ostium speciﬁed in number 4 cannot be reliably
demonstrated echocardiographically. The ICL re-
viewers evaluated whether the TTE images were
adequate for demonstrating features of numbers 1, 2,
and 3 and whether these morphologic features of
AAOCA were included in the submitted reports. Still
frames alone were considered inadequate for making a
diagnosis. The data collection form is shown in Online
Appendix 1. The submitted TTEs were evaluated for
presence of the following imaging views recorded as
sweeps or multiple cardiac cycle clips: 1) 2D para-
sternal short axis (PSSAX) and modiﬁed PSSAX
demonstrating origin and course of the coronary ar-
teries (Figure 1, Online Video 1); 2) color Doppler PSSAX
images demonstrating the origin and course of the
coronary arteries with emphasis on color ﬂowmapping
of the proximal course of the AAOCA in relation to the
aorta and pulmonary trunk (Online Videos 2 and 3);
3) 2D and color Doppler parasternal long axis (PSLAX)
imaging and/or modiﬁed apical views to demonstrateital of Philadelphia; Cardiovascular and Critical Care
diac Surgery Research and Teaching Fund, Hospital
ationships relevant to the contents of this paper to
.
5, 2015, accepted April 16, 2015.
FIGURE 1 Transducer Position and Image Acquisition for Standard and Modiﬁed PSSAX Views by TTE
(A) Standard PSSAX (1) imaging plane and modiﬁed PSSAX (2) with the transducer rotated clockwise and angled to the left shoulder, to a
straight right left axial view. (B) Normal origin of coronary arteries. (C) PSSAX demonstrating AAORCA. (D) PSSAX modiﬁed demonstrating
AAOLCA. (i) Normal origin of LCA from LSOV with its branched demonstrated on modiﬁed PSSAX. (ii) AAORCA in 2D and color PSSAX
demonstrating the intramural course of the RCA with red color Doppler signal in its lumen as it originates from LSOV and courses within the
aortic wall in its proximal course. (iii) AAORCA in 2D and color PSSAX demonstrating a juxtacommissural origin of the RCA from LSOV with a
very short versus nonexistent intramural course and absence of color ﬂow hugging the aortic wall. (iv) AAOLCA, intramural proximal course of
the LCA after it arises from the RSOV in a modiﬁed PSSAX TTE, 2D image. (v) AAOLCA, intramural proximal course of the LCA after it arises from
the RSOV in a modiﬁed PSSAX TTE, color Doppler image, with blue Doppler signal in the proximal coronary lumen. (vi) Modiﬁed PSSAX
demonstrating the intraconal course of the LCA as it traverses across the conal septum and across the RVOT. AAOLCA ¼ anomalous aortic origin
of the left coronary artery; AAORCA ¼ anomalous aortic origin of the right coronary artery; Ao ¼ aorta; LAD ¼ left anterior descending; LCA ¼
left coronary artery; LCC ¼ left coronary cusp; LSOV ¼ left sinus of Valsalva; PSSAX ¼ parasternal short axis; RCA ¼ right coronary artery;
RCC ¼ right coronary cusp; RSOV ¼ right sinus of Valsalva; RVOT ¼ right ventricular outﬂow tract; TTE ¼ transthoracic echocardiography.
See Online Videos 1, 2, 3, and 7.
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1241origin of the AAOCA in relation to the STJ (Online
Videos 4A, 4B, 4C, 5, and 6); and 4) 2D and color
Doppler PSLAX sweep demonstrating proximal course
of the AAOCA (Figure 2, Online Videos 4C and 6).
Deﬁnitions used for review. Interarterial course was
deﬁned as a proximal course between the aorta and
pulmonary trunk on the epicardial surface (Figures 1
and 2). Intramural course is histologically deﬁned as
shared tunica media between the coronary and aortic
wall. Echocardiographic intramural course is charac-
terized by an acute angulation (<30) of the coronary
origin as it originates from the aorta with diastoliccolor ﬂow in its proximal course within the aortic wall
(8). Most commonly, all intramural courses are
interarterial but all interarterial courses are not
necessarily intramural (Figures 1 to 3).
Intraconal course is morphologically deﬁned as a
course of the proximal left main coronary artery or left
anterior descending inferior to the aortic and pulmo-
nary valve annulus through the conal septum to the
epicardium. This can be echocardiographically de-
monstrated by a course inferior to the pulmonary valve
annulus with “ground glass” appearance of muscle
surrounding this segment (Figures 1 and 4, Online
FIGURE 2 Transducer Position and Image Acquisition for Standard and Modiﬁed PSLAX Views by TTE
(A) Planes of imaging in a human body in standard and modiﬁed PSLAX. (B) PSLAX demonstrating image acquisition for high takeoff of the coronary artery superior to
STJ. (C) Modiﬁed PSLAX imaging plane that demonstrates the circular lumen of the AAORCA anterior to the aorta. (i) Echo image that correlates with B, demonstrates
varying angles of origin from the aorta and the distance superior to the STJ. (ii) Echo image that correlates with C. PSLAX ¼ parasternal long axis; STJ ¼ sinutubular
junction; other abbreviations as in Figure 1. See Online Videos 4A, 4B, 4C, and 6.
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1242Videos 5 and 7). High ostial takeoff is deﬁned as origin
of the coronary artery above the STJ of the aorta
(Figure 2).
The ICL reviewers used the available images
to identify the ostial location in relation to the STJ
and proximal intramural/interarterial course. If im-
ages and views were missing, thereby not allowing
identiﬁcation of the features, the study was deemed
incomplete.
EVALUATION OF THE COMPLETENESS OF THE
REPORTS OF THE ECHOCARDIOGRAPHIC DATA. All
institutional reports were examined for the reporting
of the following elements: diagnosis of AAOCA,
interarterial course, intramural course, intraconal(intramyocardial or intraseptal or subpulmonary)
course, and origin of the coronary with respect to the
STJ (superior or inferior).
Analytic strategy of echocardiographic correlates of
surgical anatomy. Echocardiograms and institution re-
ports were available for 159 of 243 patients and im-
aging reports were available for 231 of 243 patients
(Figure 5). Demographics of all patients are presented
in Table 1.
For the purpose of this analysis the description of
surgical observations was considered to be the “true”
anatomic diagnosis. Among the 82 patients who had
a surgical intervention and ICL TTE review, 69
underwent an unrooﬁng procedure. Details of the
FIGURE 3 Drawing of the Coronary Origin and Course as Viewed From Left Ventricular Apex Analogous to TTE Images From PSSAX
(Not Surgeons View)
The coordinates anterior (A), posterior (P), left (L), and right (R) are depicted on the top left corner for all images. (A) Normal coronary origin
with RCA from right anterior facing and LCA from left facing SOV. (B) RCA from LSOV with interarterial course. (C) RCA from LSOV with
intramural course. (D) RCA from LCA with an interarterial course or single coronary from LSOV. (E) Circumﬂex from the RCA with a posterior or
retroaortic course. (F) LCA from RSOV with an interarterial course. (G) LCA from the RSOV with an intramural course. (H) LCA from RSOV with
an intramyocardial/subpulmonary/intraconal/intraseptal course. (I) LCA from RCA or a single coronary origin from RSOV. (J) LCA from non-
coronary sinus. SOV ¼ sinus of Valsalva; other abbreviations as in Figure 1.
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1243intraoperative ﬁndings were obtained from the sur-
gical reports.
The agreement between anatomy identiﬁed during
surgery was compared with ICL echocardiogram re-
views (REVIEWS) and institutional echocardiogram
reports (REPORTS). The agreement between RE-
VIEWS and REPORTS was then compared in 159
patients who had both REVIEWS and REPORTS.
Comparison between ICL REVIEWS and surgical re-
ports was used to establish echocardiographic fea-
tures that might predict the surgical diagnosis of an
intramural coronary course.
STATISTICAL ANALYSIS. Data are presented as me-
dian with range, mean  SD, or frequency and per-
centage where appropriate, with number of missing
variables indicated. Continuous variables were com-
pared using Student t test and categorical variableswere compared with a chi-square or Fisher exact test
when appropriate. All data analyses were performed
with SAS version 9.2 (SAS Institute, Inc., Cary, North
Carolina).
The strength of agreement between REVIEWS and
REPORTS was calculated using a Cohen or weighted
kappa (k) statistic (coefﬁcient) and is measured as a
value from 0 to 1. A k of 1 indicates perfect agreement,
whereas a k of 0 indicates poor agreement. The
associated p value tests whether the estimated k is
not caused by chance alone (12).
RESULTS
ICL EVALUATION OF THE IMAGES. Of 159 TTE
reviewed (of these 159 transesophageal echocar-
diography [TEE] studies, 12 were considered
FIGURE 4 Transducer Position and Image Acquisition for Modiﬁed Apical Views TTE
(A) Imaging planes deﬁning how one positions and angles the transducer to obtain sweeps from a modiﬁed apical or low (inverted) parasternal
view. (B) Intraconal course of AAOLCA, which corresponds to Online Video 5. (i) Origin course and bifurcation of RCA arising from the LCA in
a single coronary artery from the LSOV. (ii) AAOLCA with an intraconal proximal course inferior to the pulmonary valve. See accompanying
Online Videos 10, 11, and 12. IVS ¼ interventricular septum; LV ¼ left ventricle; PV ¼ pulmonary valve; RV ¼ right ventricle; other abbreviations
as in Figure 1.
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1244nondiagnostic based on image quality and/or absent
diagnostic imaging views; these 12 are included in the
percent calculations), 11% (n ¼ 17) did not contain
images suitable for evaluation of an acute angle of
origin, 33% (n ¼ 53) did not contain color Doppler
imaging of the proximal intramural course, and 13%
(n ¼ 21) did not contain images suitable for evaluation
of proximal interarterial course. Images necessary
to diagnose a possible high ostial takeoff (superior
to the STJ) were missing in 62% of the studies.
The diagnosis of intramural course and high ostial
takeoff of the AAOCA could often not be made by ICL
review because of the absence of TTE images in
PSSAX and PSLAX 2D and color Doppler.
AGREEMENT WITH SURGICAL FINDINGS. Compar-
isons between institutional reports and surgery and
between ICL reviews and surgery indicated an overall
stronger agreement between the ICL reviews and
surgery than between institution reports and surgery
(Table 2). However, both institutional reports and
ICL reviews show less agreement with surgicaloperation reports for measures of more detailed
anatomy (Table 2; interarterial course, intramural
course, and acute angle of the proximal takeoff).
ECHOCARDIOGRAPHIC CRITERIA FOR INTRAMURAL
COURSE. The ICL deﬁned an intramural coronary
course as an acute angle of origin and diastolic color
ﬂow in the proximal course of the AAOCA within the
aortic wall. Seventy-three patients who had surgery
also had images that could be used to identify all of
these criteria. These criteria correctly deﬁned intra-
mural course in 94% patients with an intramural
course (64 of 68) and absence of intramural course in
67% (2 of 3) (detailed in Figure 6).
DISCUSSION
This is the ﬁrst study to demonstrate a detailed
assessment of how different institutions diagnose
AAOCA by TTE, highlighting the need and impor-
tance of a standardized comprehensive imaging and
reporting protocol across pediatric centers. In a prior
FIGURE 5 Flow Chart of All Patient Cohorts Enrolled at the Time of the Echo Review
Institution
Report
n = 135N = 243
Reviews
n = 159 (65%)
Reports
n = 231 (95%)
Surgery
n = 139 (57%) Surgery(gold standard)
n = 139
Expert
Review
n = 82
Institution
Report
n = 159
Expert
Review
n = 159
BA
C
(A) The number and percent of patients in each comparison group. (B) The number and percent of patients compared in agreement analysis.
With institution REPORTS compared with surgery and expert reviews compared with surgery. (C) The number and percent of patients compared
in institution REPORTS with expert reviews.
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1245report, TTE was shown to be diagnostic for intra-
mural coronary course in 92.5% of all patients who
had surgery in a single-institution surgical series
(13). This 24-institution multicenter study failed to
demonstrate a good agreement between institu-
tional reports and “expert” ICL review for charac-
terization of the proximal course of AAOCA. Our
study also describes echocardiographic features that
can facilitate the diagnosis of an intramuralTABLE 1 Characteristics of 243 Patients at Time of Analysis With ICL
No ICL Review
(n ¼ 84)
Categorical variables N available N
Male 84 49
Dead 84 4
Presence of symptom at diagnosis 74 43
Surgery 84 57
Available stress test 19 19
Positive stress test at diagnosis 19 7
Positive ECG at diagnosis 59 5
Positive Holter at diagnosis 6 2
Diagnostic catheter procedure 9 9
Continuous variables N mea
Age, yrs at diagnosis 84 10.7
Age, yrs at last clinical evaluation 43 4 
Age, yrs at procedure 57 11.8
Values are N, N (%), or mean  SD. The distribution of patients for each group and var
represented in the ﬁrst column as N available.
ECG ¼ electrocardiogram; ICL ¼ imaging core laboratory.coronary artery. An accurate description of the
abnormal origin including high ostial takeoff and
identiﬁcation of an intramural and/or interarterial
course are potentially important features of AAOCA
that should be identiﬁed for each patient. The sur-
gical management of AAOCA with an intramural
course usually involves an unrooﬁng procedure (14).
Reporting coronary origin with respect to the STJ is
important because a high ostial origin superior toReview Versus Those Not in ICL Review
ICL Review
(n ¼ 159)
(%) N available N (%) p value
(58) 159 107 (67) 0.2
(5) 159 3 (2) 0.3
(51) 150 87 (55) 0.99
(68) 159 82 (52) <.01
(23) 76 76 (48) 1
(8) 76 21 (13) 0.4
(6) 116 13 (8) 0.6
(2) 18 5 (3) 0.8
(11) 23 23 (14) 1
n  SD N mean  SD p value
 4.99 159 9.06  6.33 0.13
2.33 159 3.85  2.76 0.53
 4.25 82 11.7  4.35 0.83
iable are expressed in total numbers (N) and as a percentage of the total cohort (%)
TABLE 2 Agreement Between ICL and Surgical Report, Institutional Report and Surgery, and ICL Review and Institution Report
Kappa p Value n n Missing
Agreement between ICL and surgical report (n ¼ 82)
Anomalous coronary artery 0.94 <0.01 77 5
Origin coronary artery 0.94 <0.01 76 6
Interarterial course 0.49 <0.01 75 7
Intramural course 0.36 <0.01 73 9
Intraconal course 0.79 <0.01 74 8
Acute angle 0.66 <0.01 72 10
Dual ostia in the right sinus of Valsalva 0.87 <0.01 71 11
Dual ostia in the left sinus of Valsalva 0.74 <0.01 72 10
High ostial takeoff 0.077 0.42 16 66
Agreement between institutional report and surgery (n ¼ 135)
Anomalous coronary artery 0.9 <0.01 132 3
Origin coronary artery 0.81 <0.01 126 9
Interarterial course -0.021 0.62 92 43
Intramural course 0.28 0.014 68 67
Intraconal course 0.49 <0.01 98 37
Acute angle -0.018 0.86 72 63
Dual ostia in the right sinus of Valsalva 0.89 <0.01 121 14
Dual ostia in the left sinus of Valsalva 0.73 <0.01 117 18
High ostial takeoff 0.16 0.37 18 117
Agreement between ICL review and institution report (n ¼ 147)
Anomalous coronary artery 0.88 <0.01 147 0
Origin coronary artery 0.74 <0.01 132 15
Interarterial course 0.11 0.23 102 45
Intramural course -0.03 0.78 67 80
Intraconal course 0.99 <0.01 88 59
Acute angle 0.13 0.18 57 90
Dual ostia in the right sinus of Valsalva 0.82 <0.01 117 30
Dual ostia in the left sinus of Valsalva 0.8 <0.01 118 29
Abbreviation as in Table 1.
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1246the STJ allows for unrooﬁng without the need for
commissural resuspension. Adoption of standardized
reporting and imaging protocols (Online Appendixes 1
and 2) will allow for the continued study of nat-
ural and unnatural history of AAOCA across all in-
stitutions (15).
AAOCA is a rare condition that is clinically impor-
tant because of its association with sudden cardiac
death, with a reported prevalence of 0.1% to 0.3%.
Anomalous aortic origin of the right coronary artery is
6 to 8 times more common than that of left coronary
artery. TTE is the most common initial screening tool
for diagnosis of AAOCA in children and often is
an incidental ﬁnding, because most patients are
asymptomatic (14). Because the lesion is uncommon,
echocardiography laboratories have developed
institution-speciﬁc methods of assessing and man-
aging this condition. The therapeutic approach to
these lesions is still controversial because of lack of
long-term outcome data and wide variability in
treatments offered in different centers. The CHSS
AAOCA registry was designed to evaluate the naturaland unnatural history of AAOCA with data obtained
from CHSS member institutions with variable ap-
proaches to the diagnosis and management of the
abnormality. The CHSS collects all clinical, surgical,
and diagnostic information of patients identiﬁed in
the participating centers and conducts an annual
cross-sectional follow-up of enrolled patients. Diag-
nostic images and their reports are an important
component of this data collection. All diagnostic im-
aging studies including their reports are collected and
stored in the Data Center of the CHSS. The AAOCA
project is ongoing and, at the time of this writing,
includes 380 patients from 35 institutions.
The current study was motivated in part by the
need to standardize the diagnostic assessment of
AAOCA in this growing cohort. Of importance, we
found that even though the diagnosis of AAOCA could
be made on the images uniformly, some important
anatomic features, such as intramural proximal
AAOCA course and high ostial takeoff, were either not
demonstrated on the submitted institutional TTEs
and/or were not reported on the institutional
FIGURE 6 Flow Chart Describing the Patient Cohort (n ¼ 82) Who Had Echocardiographic Review by the Imaging Core Laboratory at
Congenital Heart Surgeons’ Society (Labeled as REVIEW) and Diagnosis of Intramural Coronary Course by Surgery
Total Patients
Enrolled (n = 243)
Review + Surgery
(n = 82)
Review
(n = 159)
False
Negative
False
Positive
Surgery
(n = 139)
Surgery -
Review (.)
n = 4
Surgery +
Review (.)
n = 5
Surgery +
Review -
n = 4
Includes 5
“non-diagnostic”
Reviews
Accurate
Diagnosis
Surgery -
Review +
n = 3
Surgery -
Review -
n = 2
Surgery +
Review +
n = 64
This includes all patients who had a “nondiagnostic” echocardiogram also as per imaging core laboratory review. Positive intramural course
diagnosed at surgery ¼ SURGERY þ; negative intramural course diagnosed at surgery ¼ SURGERY –; positive intramural course diagnosed on
REVIEW ¼ REVIEW þ; negative intramural course diagnosed at REVIEW ¼ REVIEW –; missing images for intramural course diagnosed on
REVIEW ¼ REVIEW (.).
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1247echocardiography reports. Using the ICL review of the
images, the salient morphologic features that may
inﬂuence the risk for coronary events and potentially
improve surgical decision-making were identiﬁedFIGURE 7 TEE Images With Color Flow Map of the Interarterial Spa
(A) TEE, color ﬂow map of AAOLCA (red Doppler color in coronary lumen
Doppler color in coronary lumen in the interarterial course). See accomp
echocardiography; other abbreviations as in Figure 1.based on existing literature and consensus reached
among the participating surgical centers. A salient
feature that should be part of every evaluation of
AAOCA, but was absent in nearly one-third of cases, isce
in the interarterial course). (B) TEE, color ﬂow map of AAORCA (blue
anying Online Videos 8A, 8B, 8C, 9A, and 9B. TEE ¼ transesophageal
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1248the demonstration of color ﬂow mapping images of
the proximal course of the AAOCA in relation to the
aortic wall from PSSAX TTE views. The identiﬁcation
of an intramural course by color mapping is impor-
tant, because this not only impacts surgical technique
but is also a potential high-risk anatomic feature
associated with sudden death. Acute angle takeoff is
another anatomic detail that was not mentioned in
120 of 231 (52%) of institutional reports. Based on
surgical correlation with echocardiographic features,
we now know that an acute angle takeoff in addition
to the color ﬂow within the proximal AAOCA lumen
can be used to make the diagnosis of a proximal
intramural course of the AAOCA.
To overcome these shortcomings, our ICL group
proposed a standardized reporting format (Online
Appendix 1) and a standardized echocardiography
protocol approach to imaging (Online Appendix 2) of
AAOCA. An imaging protocol for TEE is also included,
even though this study did not focus on evaluation of
submitted TEE studies. Representative TEE images
are shown in Figure 7. The standardized reporting
format and protocol for imaging, along with video
clips, can be found within this manuscript and also on
the CHSS website (16). In addition, the protocols with
video-clip examples referenced as Online Videos 1, 2,
3, 4A, 4B, 4C, 5, 6, 7, 8A, 8B, 8C, 9A, 9B, 10, 11, and 12
will be sent to the participating centers of the CHSS’s
AAOCA project for prospective use. Incorporation of
the views noted in the imaging protocol inclusive of
2D and color Doppler imaging into institutional im-
aging protocols will allow for diagnosis and charac-
terization of AAOCA. We believe this approach could
be useful for other centers and cardiologists diag-
nosing this abnormality.
In patients with symptoms suggestive of ischemia
and where TTE images are suboptimal to conﬁrm the
diagnosis of AAOCA other imaging modalities can be
used to conﬁrm the diagnosis. These imaging mo-
dalities include TEE, computed tomography angiog-
raphy (CTA), and cardiac magnetic resonance. TEE,
CTA, and cardiac magnetic resonance were also sub-
mitted by institutions in some patients, but these
were not evaluated for the purpose of this study. Use
of CTA to conﬁrm diagnosis (17,18) and deﬁne
anatomic features that would be considered high risk
has been published in small population subsets. For
example, Opolski et al. (18) published a series of
CTA images in 8,522 patients, out of which only 24
had AAOCA. Turner et al. (13), in their institutional
series of 53 patients, demonstrated a higher accuracy
of TTE over CTA and magnetic resonance imaging in
diagnosis of an intramural AAOCA. Assessment of
accuracy and utility of other imaging modalities indiagnosis, in risk stratiﬁcation, and in planning
management strategies is a subsequent multicenter
study.
STUDY LIMITATIONS. The lack of complete initial
TTE studies that were submitted by the institutions to
the CHSS, heterogeneity in quality of the submitted
TTE studies, and institutional echo and surgical re-
ports available for echo ICL review limited the accu-
racy and agreement statistics. The diagnosis and
description of the intramural proximal course of the
AAOCA and its length were also not clear from all
surgical reports. This demonstrates lack of a uniﬁed
surgical approach to diagnosis and reporting of
AAOCA. The proposed protocols in this manuscript
allow for standardization of imaging and reporting,
thereby allowing for more accurate and uniform data
collection for the multicenter CHSS registry study,
and also to improve the characterization of AAOCA for
management of patients with these anomalies.
CONCLUSIONS
Ideally, management decisions regarding patients
with AAOCA should be guided by evidenced-based
risk stratiﬁcation, which in turn depends on accu-
rate ascertainment of morphologic and functional
details of the spectrum of anomalies, and correlation
between these features and the outcomes of various
treatment strategies. Adoption of uniform imaging
and reporting protocols in the diagnosis and assess-
ment of AAOCA can help in risk stratiﬁcation and
appropriate management strategies. The develop-
ment of a “best practice” protocol for imaging and
reporting on AAOCA is the initial step required to
further study the natural and unnatural history of
children and young adults diagnosed with AAOCA.
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: AAOCA
can result in SCD, and echocardiography is usually the ﬁrst
imaging or screening modality used to suspect or diagnose
AAOCA. Only one-third of the patients may have ischemic
symptoms at presentation. This diagnosis is an indication
for restriction from sports. Surgical therapy is often
necessary. Morphological features of AAOCA by echocar-
diography can be used for risk stratiﬁcation.
COMPETENCYINPATIENTCAREANDPROCEDURAL
SKILLS: AAOCA can be diagnosed or suspected by
routine echocardiography. Echocardiographic diagnosis
is very difﬁcult and imaging protocols to evaluate
coronary artery origins have not been standardized.
Adoption of these protocols by sonographers and
imaging laboratories will allow for improvement in
diagnosis and patient outcomes.
COMPETENCY IN PRACTICE-BASED LEARNING:
There is no existing standard imaging and reporting pro-
tocol that allows all institutions to make the detailed
diagnosis and report on individual anatomic features of
AAOCA.
TRANSLATIONAL OUTLOOK: Additional longitudinal
studies following adoption of the standardized imaging
and reporting protocols are needed for studying natural
and unnatural history of AAOCA. The CHSS multicenter
registry will allow for data collection inclusive of imaging,
and clinical and surgical data at presentation and at
follow-up of patients diagnosed with AAOCA. Utility of
other imaging modalities, such as CT and magnetic reso-
nance imaging in order to allow for risk stratiﬁcation of
AAOCA has not been evaluated. Future studies evaluating
application of multimodality imaging for risk stratiﬁcation
and development of management guidelines are needed.
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APPENDIX For supplemental materials,
and videos and their legends, please see the
online version of this article.
